INTRODUCTION
The Canary Basin is roughly defined as the area extend- The Canary Basin is important to the general circulation of the North Atlantic for several reasons. The poleward transport of heat is fundamental to the coupled oceanatmosphere system and it is believed that this region contributes a significant portion to the total southward heat transport in the North Atlantic Basin [Stramma and Isemet, 1986 ]. This region is also central to the formation and maintenance of the Mediterranean salt tongue in the North Atlantic. Thirdly, the eastern region of the North Atlantic is believed to be important for the ventilation of the thermocline [Luyten et al., 1983] . Knowledge of this interaction between the ocean and the atmosphere is important for coupled ocean-atmosphere, climate, and biological studies.
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There have been many recent observational programs in the Canary Basin. Some of these efforts have been designed to study the general physical oceanography of the region while others have been aimed at specific processes or currents. A general survey of the large-scale (1000 kin) property distributions in the eastern subtropical gyre is given by Arrni and Storereel [1983] . Gould [1985] discusses the structure of the Azores Current through a combined analysis of hydrographic data, float data and sea surface temperature. A summary of what is known about the deep velocity fields based on current meter data is given by Dickson et al. [1985] . A series of studies from the "Kiel Warmwatersphere of the Atlantic" project (SFB133) has looked at the current distribution and seasonal variations [Stramma, 1984; Stramma and Siedler, 1988] . The energy available for deepening of the mixed layer from wind work is converted into potential energy and distributed over the depth of the mixed layer. This model allows for a mixed layer which is of arbitrary depth down to a maximum of 800 m. Detrainment of the mixed layer is also included such that if the mixed layer depth shallows, the deeper remnants of the old mixed layer remain.
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In this section, the basic characteristics of the model velocity and density fields in the Canary Basin will be discussed and compared with observed fields. Similarities, differences, and information not available from observations will be highlighted. Unless otherwise stated, the model fields are the mean fields averaged over the last two years of integration. The quantities to be analyzed are upper thermocline transport stream function, presence of Mediterranean water, deep velocity field; large-scale temperature and salinity structure, and water mass distribution.
Upper Thermocline Transports
The The geostrophic transport calculated from the model temperature and salinity fields is shown in Figure lc Figure 2a at 20*W. The model salt tongue also has a highly variable structure in the meridional direction near the coast. There are two long filaments of higher-salinity water extending into the interior of the tongue past 20*W. Further to the west, the salt tongue is smoother and has a salinity almost 0.2 ppt greater than climatology. The model tongue has nearly constant salinity over most of the interior with sharp fronts marking its northern and southern extent. By contrast, the climatological tongue has nearly uniform gradients throughout its extent in the interior, possibly due to the extensive smoothing in the mapping procedure of Levitus. Due to its large spatial extent, synoptic representations of the entire salt tongue are not presently available.
As was mentioned in section 2, the model was initialized with temperature and salinity fields taken from Levitus. The difference in salinity between the last 2 years of the model calculation and the climatology which was used for initialization is shown in Figure 2c . In the vicinity of the damping region the difference is nearly zero; however, the low model salinity over most of the east and high model salinity in the west are deafly seen. Most of this restructuring of the salt tongue occurs over the first 20 years of model integration, this difference field remains nearly constant over the last 5 years. This indicates that the model is approaching a steady state which is significantly different from climatology. It is evident from these figures that the Kr in the model AC is much lower than that measured by moored instruments. The upper thermocline distribution of Kr is similar to the map shown for 1125 m; the largest values are found near the Azores Current and Central Water Boundary, but they are still much less than estimates from observations. The low KE reflected in the vertical profiles near the AC is found throughout the Canary Basin. Because the variability of the model fields is much less than the observed values, a detailed analysis of the kinetic energy budget would have questionable relevance to the real ocean and will not be done here. Instead, the analysis in the remainder of this section will concentrate on determining the reasons for this low Kr.
Deep Velocity

4.oe. Energy Conversion by the Mesoscale Variability
The baroclinic and barotropic energy conversion between the mean and variable fields are calculated in the upper ocean. Comparisons are made with the limited estimates available from observations in terms of the magnitude, direction, location, and form of the energy conversion. While it has been stated that a detailed analysis of the eddy kinetic energy budget will not be done, the conversion terms are of interest because direct comparisons with previous observational and modeling analysis are possible. If the conversion rates are lower than these other estimates, this may be at least partially responsible for the low Kr found in the model fields.
One potential source of energy for the time variable fields is the potential energy of the time mean fields. This energy conversion is accomplished by the down density gradient ttux of the perturbation density by the perturbation velocity field. This density flux has contributions due to both the temperature and salinity fields. In the following analysis, the discussion is presented in terms of the temperature ttux 
where contributions due to both the zonal and meridional mean temperature gradients are included. In ( 
The coefficient of vertical viscosity in the momentum
equations is 30 cm2/s 2 and constant over the basin. This is 3-10 times larger than that which is typically used for primitive equation EGCM's. This large value was chosen to damp gravity wave generation which occurred on a very shallow shelf along the coast of Brazil, far from this region under study. The time scale of the vertical friction term in the upper thermocline is approximately 100 days. This is longer than, but comparable to, the horizontal friction term, and again it is much less than estimates for the real ocean. This rough scale analysis is consistent with the finding that, away from the NEC, the horizontal friction accounts for approximately 65% of the total Kz sink and the vertical friction accounts for the other 35%; bottom friction is very small. It is believed that reducing the horizontal and vertical dissipation used in this calculation will increase the eddy variability to be in better agreement with observational estimates.
The surface boundary condition on wind stress may influence the development of eddies in the ocean. The wind forcing has been filtered in both space and time. The time filtering eliminates all frequencies less than 2 months. The grid representation of the wind stress field has been subject to spatial smoothing through the analysis and mapping procedure of Hellerman and Rosenstein [1983] . In the real ocean, variability in the surface wind stress may directly force small-scale variability in the upper ocean, where it is subject to vertical diffusion and advection, into the ocean interior. The effect of high-frequency wind forcing on the generation of eddy variability in the ocean is an important question for the future development of numerical models and should be studied.
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The surface boundary conditions on temperature and salinity may also influence the development of eddies. The salt flux at the surface is parameterized through a Newtonian damping term which relaxes the surface layer salinity back toward climatology. The climatological salinity field is smoothed in both space and time and will tend to suppress the mesoscale activity at the surface. The strength of this damping will be proportional to the time scale of the NewtonJan term. A similar argument applies to the temperature field, although it is more complicated because the relaxation is calculated by a variable heat flux at the surface rather than a constant damping coefficient. The damping time scale for the salinity field is 50 days; this is also typical of the time constant derived through the heat flux relation 
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In this section, the role of the current structure described in section 3 will be studied for three fundamental oceanic processes. In subsections 5.1, 5.2, and 5.3 the ventilation of the thermocline, meridional temperature flux, and formation of the Mediterranean salt tongue will be discussed. The age field at 370 m gives a much different picture (Figure 9b) . The front extending from the coast of Africa at 25øN is the shadow zone predicted by LPS83. As would be expected, the shadow zone has shifted to the north deeper in the water column. In the northwest corner of the domain the water is ventilated due to strong interaction with the winter mixed layer. Between these two regions, there are three subregions which differ from the smooth gradient which would be expected from Sverdrup flow. There is a tongue of ventilated water extending into the area from the west along 30øN, this is due to the AC. There is a second region which is nearly homogeneous further north and to the east, near 38øN. This is in the region of the meandering PC discussed in section 3. Finally, along the coast, there is ventilated water near the coast of Portugal. This is consistent with the southward extension of the winter mixed layer near the coast [Levitus, 1982] . The vertical profile of the potential vorticity conserving subduction velocity is shown in Figure 10b for three locations in the model (curves A, B, and C), estimates from J87 (curve D), and Ekman pumping alone (curve E). Curve A is placed at the center of the Beta Triangle, at the same location as the estimates of J87, curve B is in the AC, and curve C is in the region of zonal jets of the PC.
Ventilation of the
An analysis of tritium fields was done in the Beta
Near the surface in the Beta Triangle, the Ekman pumping is a significant portion of the total subduction rate in both the model and J87 profiles. The contribution due to the Ekman pumping decreases with increasing depth. This is consistent with the reduction of Ekman pumping as one moves further north. The subduction velocity in the model Beta Triangle increases with increasing depth such that it is over 3.0 x 10 -6 m s -• at 500 m. This trend is consistent with the increase in the depth and horizontal gradient of the mixed layer as one moves north. The estimates by J87 also show a tendency to increase with depth so that it gives the same subduction rate as the model at 500 m. The subduction profile in the AC (curve B) is much different from that in the Beta Triangle. The near-surface subduction velocity is mostly due to shoaling of the mixed layer from the west, although the Ekman pumping is not negligible. The relative contribution due to shoaling remains almost constant with increasing depth; however, the overall ventilation decreases due to the reduction in Ekman pumping. The AC ventilation is much larger than that in the Beta Triangle in the upper 300 m. The AC ventilation does not increase with depth because the mixed layer does not go as deep in the western North Atlantic as it does to the north of this region. Curve C, in the PC, has the largest ventilation over the upper 500 m. Near the surface it is comparable to that in the AC, and at 500 m it is comparable to that in the Beta Triangle. Although always due to shoaling of the mixed layer, the upper ventilation is large because of the strong horizontal velocity field, and the deeper ventilation is large because of the steepening of the mixed layer depth further to the north.
5.•. Meridional Temperature Flux
The importance of the poleward heat transport by the atmosphere and oceans is well known. The purpose of analyzing the heat flux in the model fields is to determine its magnitude, meridional and vertical distributions, source, and degree of ageostrophy. There are two different concepts of the mechanism by which the large-scale, high-salinity water near the Mediterranean outflow gets into the interior of the North Atlantic. One theory is that the salinity acts as a passive tracer which is advected/diffused into the interior by the general circulation field. A second theory is that the Mediterranean water is not a passive tracer but has a density anomaly associated with it and as a result a geostrophic current which actively advects the Mediterranean water into the interior. Figure 13 Based on this analysis, several recommendations can be made to the modeling community. A major deficiency of the model fields is the representation of the Mediterranean salt tongue. Alternatives to the parameterization of the Mediterranean outflow must be studied, including explicit water exchange, sensitivity to resolution, and form of the open boundary conditions. The second major discrepancy between the model and observations is the low value of eddy kinetic energy. The horizontal and vertical viscosity, horizontal resolution, and surface boundary conditions are suggested as topics for future study. A third shortcoming of the model calculation is the location and transport of the Azores Current. The dominant forcing mechanisms of the Azores Current are not known, so this result cannot yet be attributed to any aspect of the numerical model. The computational expense of the model precludes extensive physical/computational parameter studies on this scale. To further investigate the relation of the model numerics to the physical processes just discussed, simpler models, both numerical and analytical, must be used to isolate the dominant forcing mechanisms and function of the numerical parameterizations. These aspects of the calculation should be better understood before the next step in the evolution of this class model. 
Shown in
Ah is the horizontal diffusion coefficient (2.5 x 10 •9cm 4 s -•) and Ao is the vertical diffusion coefficient (30cm: s-•).
